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Bacterial polysaccharides which are used to produced vac- 
cines are isolated then precipitated with a long chain deter- 
gent. The precipitated polysaccharides are soluble in organic 
solvents and can be further derivatized and processed to 
form the vaccine. 

10 Claims, No Drawings 



02/14/2003, EAST Version: 1.03.0002 



US 6,410, 

1 

POLYSACCHARIDE PRECIPITATION 
PROCESS 

This is a continuation of application Ser. No. 08/799,329, 
filed Feb. 13, 1997, now abandoned which claims benefit of 5 
Provisonal Application No. 60/011,631, filed Feb. 14, 1996. 

FIELD OF THE INVENTION 

This invention relates to a process of preparing bacterial 
polysaccharides for a vaccine. Specifically, it related to a 
process of precipitating bacterial polysaccharides in solu- 10 
tion. 

BACKGROUND OF THE INVENTION 

Bacterial polysaccharides are known in the art to be a 
component of various vaccines, including PNEUMOVAX® is 
(a pneumococcal conjugate vaccine) and PedVax HIP® (an 
H. influenzae conjugate vaccine), both sold by Merck & Co., 
Inc. 

Purified bacterial capsular polysaccharides, including 
those of Haemophilis influenzae type b and Streptococcus 20 
pneumoniae, are generally not sufficiently immunogenic to 
use as a vaccine. To solve this problem, the capsular 
polysaccharides are conjugated to a protein carrier, such as 
immunogenic membrane proteins, viral protein subunits, 
synthetic polypeptides, bacterial toxoids, or other suitable 25 
immunogenic proteins. Examples of processes for making 
suitable immunogenic conjugates are well known in the art 
and include those detailed in U.S. Pat. Nos. 4,695,624, and 
4,882,317. 

In general, to make an immunogenic conjugate, a bacte- 30 
rial polysaccharide is first isolated and purified from the 
source bacteria. Such polysaccharides are also available 
commercially. The polysaccharide may then be subjected to 
a round of further purification, and/or size reduction steps. 
Next it will undergo a series of chemical reactions to add 35 
functional groups so that they can be joined to the immu- 
nogenic protein carrier. After the coupling occurs, the con- 
jugate is subsequently purified and an adjuvant such as 
aluminum hydroxide may be added to produce the final 
vaccine. 40 

One of the problems which has been encountered during 
synthesis of the conjugate is that the polysaccharides them- 
selves are water soluble, but the later derivatization steps are 
best performed in an organic solvent. In the past, this 
required two steps in a manufacturing process, both of which 45 
were rather difficult: 1) conversion of the polysaccharide (in 
its calcium salt form) to its tetrabutylammonium salt 
(tBuAM) form using calcium oxalate metathesis or by 
column ion exchange; 2) and subsequent removal of water 
by either vacuum distillation and flushing with dimethyl 50 
formamide (DMF) or by lyophilization. However, not all of 
the calcium salt was converted into the tBuAM form, 
resulting in an oil emulsion. Some of the polysaccharide 
types are not sufficiently soluble in DMF, so the distillation 
step is not feasible, and another solvent such as DMSO is not 55 
practical due to the significantly higher boiling point of 
DMSO. Further, lyophilization was not feasible at a manu- 
facturing scale. 

It would be desirable to develop a process that can 
accommodate the transition from an aqueous process to an 60 
organic solvent without sacrificing yield, purity, and ease of 
manufacture. 

DETAILED DESCRIPTION OF THE 

INVENTION 65 

This invention is directed to a process for precipitating 
bacterial capsular polysaccharides from an aqueous solution 
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comprising adding a precipitating amount of a long chain 
detergent to the solution. In an optional step, the invention 
also comprises separating the precipitated polysaccharide 
paste from the aqueous solution and extracting the water 
from the paste to form a dry polysaccharide powder. The 
powder may be then be further processed to produce 
vaccines, such as pneumoconjugate vaccines. 

This invention is suitable for use with polysaccharides 
from any bacterial source. Preferred polysaccharides are 
from Pneumococcus and Haemophilis influenzae, particu- 
larly the negatively charged polysaccharides. Especially 
preferred are anionic Pneumococcus polysaccharides. Such 
polysaccharides are well known in the art and include those 
designated as 3, 4, 5, 6b, 9V, 18C, 19f, and 23f. Some 84 
serotypes of Pneumococcus are known, and the anionic 
polysaccharides from any of the serotypes may be used in 
this invention. These polysaccharides are soluble in water, 
but are not soluble in organic solutions. In general, the 
polysaccharides are dissolved in pyrogen free water (PFW) 
during the vaccine manufacturing process, and while con- 
centrations may vary during processing, are generally 
present in amounts of from about 0.2% to 1% by weight in 
the PFW. 

The long chain detergent may be virtually any long chain 
detergent. Particularly preferred ones include cetylpyri- 
dinium chloride (CPC) and cetyltrimethylammonium bro- 
mide (CETAB). Generally, any amount of long chain deter- 
gent may be added to precipitate the polysaccharide from the 
aqueous solution, but in most applications, a 1-10% solution 
of the detergent, added to a molar ratio of about 1:1 is 
sufficient to precipitate virtually all the polysaccharide. The 
detergents react with the negatively-charged polysaccharide 
to form a polysaccharide -salt which is insoluble in water and 
which precipitates out of solution. The insoluble salt form of 
the polysaccharides, particularly the cetylpyridinium salt 
and the cetyltrimethylammonium salt of the polysaccharides 
form yet another aspect of this invention. In particular, this 
invention also includes the cetylpyridinium salt form of 
Pneumococcus polysaccharides 3, 4, 5, 6b, 9V, 19f, and 23f 
as well as the cetyltrimethylammonium salt form of 4, 6b, 
9V, 19f, and 23f. 

The precipitate is paste-like in consistency. It may be 
removed from the aqueous solution by any convenient 
means, such as by centrifugation or the like. Next, it is dried 
by any convenient means, such as by mixing with acetone or 
ether to extract any water which may be present (trituration). 
Thus, a preferred process of this invention comprises pre- 
cipitation of an aqueous solution of bacterial polysaccha- 
rides by adding an effective amount of a long chain 
detergent, and subsequently drying the precipitate using 
acetone trituation to obtain a slurry. 

The slurry may also be filtered and vacuum dried to afford 
the cetylpyridinium salt or cetyltrimethylammonium salts as 
a dry powder. The dry powder is soluble in the solvents 
which are commonly used in derivatization chemistry, such 
as dimethylsulfo xide (DMSO) and dimethylformamide 
(DMF). 

A further advantage of this invention is that the method 
affords a further level of purification of the polysaccharides 
during the aqueous precipitation step, especially with 
respect to impurities which bear a net positive charge, such 
as some non-capsular membrane proteins and 
C-Polysaccharide. 

Yet another advantage, is that by providing a dry powder 
form of the polysaccharide salt, an accurate amount of 
polysaccharide can be measured and used in the initial 
derivatization reactions, where precision is most desirable. 
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The precipitation process and the polysaccharide salts of 
this invention are essentially intermediate processes and 
products in a lengthy method to make vaccines which 
comprises the steps of 1) preparation of the starting polysac- 
charides; 2) the precipitation process of this invention; 
3)derivatization of the polysaccharides; 4) conjugation of 
the derivatized polysaccharides to a protein; and 5) alum 
formulation. Each of the process steps 1, 3, 4, and 5 which 
do not form a part of this invention are summarized below. 

Preparation of the Starting Polysaccharides. The starting 
point in the entire process of making the vaccine is the 
isolation of bacterial capsular polysaccharides from a fer- 
mentation broth. Alternatively, these polysaccharides are 
also commercially available and may be used as starting 
material. Individual native polysaccharides (in a powder 
form) are dissolved in water, and incubated with sodium 
chloride to dissociate residual impurities which are then 
removed by membrane diafiltration. Each PsPn solution is 
then diafiltered against water to establish well-defined con- 
ditions for size reduction and the precipitation steps. The 
polysaccharides are preferably size-reduced by passage 
through a high pressure orifice using a mechanical homog- 
eoizer. This step facilitates downstream processing as well 
as provides for a product of uniform size. Solubility in 
organic solvents such as DMSO is also increased by reduc- 
ing the polysaccharide's molecular weight of the polysac- 
charide. The reduced size, monodisperse polysaccharide are 
the preferred starting material for the precipitation process 
of this invention. 

Derivatization. After precipitation using the methods of 
this invention described previously, the powdered polysac- 
charides of this invention are modified with a reactive side 
chain via a series of chemical reactions with bifunctional 
reagents, and then conjugated to the protein carrier OMPC. 
Specific details of these processes are provided in U.S. Pat. 
Nos. 4,695,624, and 4,882,317, but can be summarized as 
follows. The individual steps are identified by the active 
reagents: carbonyldiimidazole (CDI), butanediamine 
(BuAJ, and bromoaceticanhydride (BrOAcAn). 

Reaction with CDI creates a reactive anchor on which the 
side chain is built. Because both the amount and homoge- 
neity of side chain loading are entirely determined by this 
reaction, the reaction chemistry and mixing are critical. 
Mixing should occur quite rapidly, and the mixing vessel 
should be designed to ensure this. The desired side chain 
loading should be between 8-16% to preserve the antige- 
nicity and immunogenicity and to produce a stable product. 

In the next reaction, BuA^, a bifunctional reagent is added 
to extend the spacer arm through the reaction with the CDI 
anchor formed in the first step. These reaction conditions 
concurrendy displace and crystallize the CPC or CETAB 
detergent from the solution for subsequent removal by dead 
end filtration. Diafiltration of the filtrate and membrane 
concentration achieves clearance of excess soluble reagents 
and exchanges the PnPs into a buffer which is appropriate to 
the following bromoacetylation reaction. 

The third reaction step adds a reactive bromide to the side 
chain via reaction with BrOAcAn so that the polysaccharide 
may be subsequently conjugated to thiolated protein carrier 
(OMPC). Excess reagents and by-products are removed by 
membrane diafiltration and the PnPs bromoacetylated 
derivative is sterile filtered so that it can be stored as an 
intermediate. 

Conjugation. In the conjugation reaction, a covalent link- 
age between the derivatized polysaccharide and the protein 
carrier OMPC is formed. The OMPC is activated by addition 
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of reactive thiol groups, and a thioether bond is formed 
between the polysaccharide spacer arms and the protein. The 
multiple covalent linkages between each protein- 
polysaccharide pair confer additional stability to the conju- 

5 gate. Since the reaction of the protein and the polysaccharide 
results in the formation of a unique amino acid, 
S-carboxymethyl homo cysteine (SCMHC), the number of 
covalent bonds can be quantified. Using optimized process 
parameters, the conjugation yield with respect to the 

10 polysaccharide is typically about 30%, and may range from 
approximately 20-60% depending on serotype. The result- 
ing Ps/Pr ratio will fall in the desired range of 0.1-0.3. 

Following the conjugation reaction, any remaining active 
thiol groups on the OMPC are capped with N-ethyl male- 

15 imide. Unreacted bromoacetyl groups on the polysaccharide 
are capped with N-acetyl cysteamine. The by-products, any 
unreacted derivatized polysaccharide and excess reagents 
are removed by diafiltration against sodium phosphate 
buffer. The product is then diafiltered against 20 volumes of 

20 TED buffer (TRIS, EDTA, deoxycholate) to remove 
lipopolysaccharides which may have been released upon 
conjugation. The final step is a buffer exchange into saline, 
and then water in preparation for the alum absorption. 
Formulation. Following purification, the bulk aqueous 

25 conjugate is diluted into sterile water to 100 ug/ml and is 
combined with an equal volume of alum diluent (900 meg 
Al/ml, 1.8% saline and 100 meg thimerosal/mL) to produce 
alum-absorbed monovalent concentrated bulk vaccine at 50 
ug/ml polysaccharide concentration. 

The following non-limiting Examples are presented to 
better illustrate the invention. 

EXAMPLES 

35 Example 1 

Preparation of PNEUMOVAX® 23 Powders 

Polysaccharide powders may be obtained commercially, 
from the ATCC (Special Products Catalogue), Rockville, 
Md., or from Merck and Co., Inc., or may be extracted from 

40 suitable bacteria (also available from the ATCC), Native 
anionic polysaccharides (Pnps) are dissolved in pyrogen free 
water (PFW) to a final concentration of approximately 7-10 
g/L. Sodium chloride was added to achieve a final concen- 
tration of 0.5 M. 

45 The polysaccharide (Ps) solution was diafiltered using a 
200,000 MWCO Millipore ultrafiltration membrane against 
a buffer consisting of a mixture of 0.1M phosphate buffered 
saline/ 0.5 M NaCl, followed by a diafiltration against PFW. 
The Ps solution was then diluted with PFW to a concentra- 

50 tion of 2,5 g/L. The solution was subjected to high pressure 
homogenization using a Gaulin homogenizer at pressures 
ranging from 3,000 to 14,000 psi. This step effectively 
reduced the Ps size. The result of this step is an aqueous 
solution of sized PsPn, which is the starting material for the 

55 precipitation process. 

Example 2 

Precipitation 

650 ml of the aqueous polysaccharide solution of 
60 Example 1 was added to a mixing vessel fitted with a pitched 
blade turbine. The vessel was also equipped with an on-line 
monitoring device to measure the precipitation yield by 
measuring the disappearance of the UV-absorbing cetylpy- 
ridinium molecule. The batch temperature was adjusted to 
65 25° C. and the vessel contents mixed at 400 RPM. 

A 2% cetylpryidinium chloride (CPQ solution was fed 
continuously into the vessel until the precipitation was 
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complete as measured by the on-line monitoring device. The d) derivatizing said dissolved polysaccharide to produce a 

addition rate was staged so that the first 75% of the theo- derivatized polysaccharide, wherein said derivatizing is 

retical amount of CPC was added over the first 30 minutes started in said organic solvent; and 

and! the remaining amount over a sixty minute period conjugating said derivatized polysaccharide to said 

The precipitated polysaccharide was removed by centnru- 5 ' . . 

gation and the pellet was resuspended in acetone at 2.5 g/L. protein earner. 

The suspension was milled to a fine powder and mixed to 2. The process of claim 1, wherein said long-chain cat- 
dehydrate the solids with a rotor stator (OMNI) mixer for ionic detergent is either cetylpyridinium chloride or cetylt- 
several minutes. rimethylammonium bromide. 

The slurry was filtered on a sintered glass funnel and was id 3. The process of claim 2, wherein said organic solvent is 

washed with several cake volumes of fresh acetone. The wet e i tner dimethylsulfoxide or dimethylformamide. 

cake was vacuum dried at 45° C. and 50 mm Hg overnight 4 ^ ^ QQ ^ % of daim 3 wherein said slep (b) is 

t0 aff o™ a dfy P ° Wder Yidd 35 a V° l y™ cchande P° wder performed by trituration using acetone followed by acetone 

was 85-90%. v w J , a a 

15 removal to produce a dry powder. 

Example 3 5. The process of claim 4, wherein said polysaccharide is 

from Haeniophilits. 

The precipitation step of Example 2 was repeated as ss rf ^ in carrier ig 

desenbed, except that cetyltnmethylammonium bromide r 
(CETAB) is used in place of cetylpyridinium chloride. 

What is claimed is: 20 7. The process of claim 4, wherein said polysaccharide is 

1. A process for conjugating a polysaccharide to a protein from Pneutnococclis. 

carrier comprising the steps of: 8. The process of claim 7, wherein said polysaccharide is 

a) precipitating said polysaccharide from an aqueous selected from the group consisting of Pneumococcus type 3, 
solution using a long-chain cationic detergent to pro- 25 4, 5, 6b, 9V, 18C, 19/, and 23/ 

duce a precipitated polysaccharide; 9. The process of claim 8, wherein said protein carrier is 

b) drying said precipitated polysaccharide to remove OMPC. 

water; 10. The process of claim 7, wherein said protein carrier is 

c) dissolving said precipitated polysaccharide dried in OMPC. 
said step (b) in an organic solvent to produce a dis- 30 

solved polysaccharide; ***** 
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